Introduction: Aim of this study was to assess the registration of orthodontic systematic reviews in PROSPERO. Method: Seven databases were searched for orthodontic systematic reviews published in 2012-2016. After duplicate study selection and data extraction, descriptive statistics, followed by chisquare/Fisher exact tests were calculated. Finally, bivariable/multivariable regression with relative risks (RR) and 95% confidence intervals (CIs) was used. Results: A total of 182 orthodontic systematic reviews were identified, 37 (20.3%) of which were registered in PROSPERO, with registration rates ranging from 4.3% in 2012 to 37.0% in 2016. Differences in review registration were found according to publication year, geographic origin, multicentre status, funding, and journal category. After controlling for confounders, each additional year was associated with increased registration probability (RR = 1.51; 95% CI = 1.19-1.93). Reviews from South America were more likely to be registered than reviews from Europe (RR = 1.49; 95% CI = 1.06-2.11). Finally, reviews published in orthodontic specialty journals were more likely to be registered than reviews in general dentistry journals (RR = 1.87; 95% CI = 1.02-3.49). Conclusions: A small percentage of orthodontic systematic reviews was registered a priori, although improvement signs have been seen since the initiation of PROSPERO.
Introduction
Systematic reviews constitute an efficient means of synthesising the totality of evidence pertaining to a specific research question and can therefore form the ideal basis to build clinical recommendations (Patsopoulos et al. 2005) , which makes them fundamental in guiding clinical medicine and future research. The main strengths of the systematic review design include the identification of all studies relevant to the research question and the use of pre-defined, reproducible, and robust methods for all phases of the systematic review in a transparent matter. However, several types of bias have been documented in various phases of the research procedure (Chavalarias and Ioannidis 2010) .
Outcome reporting bias is a form of bias occurring, when the choice of outcome reporting is influenced by the outcomes' results, with the scale usually leaning towards studies with statistically significant or 'attractive' results. Outcome reporting bias might exist in clinical trials with multiple measured outcomes, especially if these have not been transparently pre-specified in the trial's protocol (Chan et al. 2004) . Likewise, a comparison between a priori protocols of systematic reviews and the subsequent published articles found considerable discrepancies between them, which increased the likelihood of reporting statistically significant outcomes (Kirkham et al. 2010) . Therefore, this was interpreted as signs of outcome reporting bias in systematic reviews.
Registration of systematic review protocols enables the reader to check for any outcome reporting bias by comparing the outcomes between the protocol and final published article (Mathieu et al. 2009 ). Furthermore, a large number of systematic reviews see to have overlap in terms of eligible interventions, settings, and types of studies (Siontis et al. 2013 )something that is deemed unnecessary duplication or research waste and can be prevented by registration of the systematic review protocol (Booth et al. 2012; Moher 2013; Moher et al. 2014) . The idea of protocol registration was first disseminated as the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) statement in 2009 (Liberati et al. 2009 ). Following the publication of this statement, the United Kingdom Centre for Reviews and Dissemination developed the international prospective register of systematic reviews (PROSPERO) in 2011. PROSPERO enables the registration of any systematic review with a clinically relevant scope (provided the protocol is submitted prior to initiation of the review procedures), while providing open access to all protocols and tracking of all protocol changes. The aim of this registry and statement was to minimise reporting bias through transparency in the review process and to reduce unplanned duplication of reviews (Booth et al. 2012) .
As far as we know, no study has assessed the proportion of systematic reviews having been registered in PROSPERO overall or any changes in protocol registration through time. The only exception is the recent study of Tsugimoto et al. (2017) that assessed the PROS-PERO registration rate of systematic reviews published in high-impact medical journals and indicated that only 21% of them had their protocols registered. However, no data specific to the field of orthodontics was provided, while the inclusion of only high-impact journals might provide an overly optimistic image of protocol registration, due to considerable differences of systematic review quality according to journal characteristics (Papageorgiou et al. 2011 (Papageorgiou et al. , 2014 . To this end, aim of the current study was to investigate to which extent systematic reviews in orthodontics are registered a priori in PROSPERO and which factors are associated with the systematic review registration.
Materials and methods
Electronic search strategies were developed and executed on January 2017 to identify systematic reviews relevant to orthodontics from MEDLINE (via PubMed), Cochrane Database of Systematic Reviews, Cochrane Database of Abstracts of Reviews of Effects, Embase, Scopus, Web of Science, and Virtual Health Library (including LILACS and Bibliografia Brasileira de Odontologia) without restrictions for publication language or publication status (Appendix 1). As the PROSPERO register was launched in February 2011, we allowed 1 year for dissemination of the register and included systematic reviews from 2012 and on. Eligible for this study were orthodontic systematic reviews with or without metaanalysis. We defined as systematic review any publication that termed itself as such and used a systematic approach to identify, select, and appraise studies in order to answer a research question. We included systematic reviews pertinent to any diagnostic-related or treatment-related aspect of orthodontics (including interdisciplinary orthodontics) in patients of any age, but we excluded subjects not directly related to orthodontics (like systematic reviews pertinent to dental/craniofacial growth, pure surgical treatment, or methodological aspects of orthodontic research). As Cochrane Reviews are consistently registered during the protocol stage, they were excluded from the present study. All other studies like narrative reviews, clinical, or in vitro studies were excluded. Identified reports were screened sequentially by title, abstract, and full text to check for eligibility. Additional material included as online appendix in the original articles was acquired, when needed.
Data to be collected were defined a priori from pilot searching of the literature and discussion among the authors, based on previous reports (Papageorgiou et al., 2011; . Epidemiological characteristics were based on the corresponding author of each article including country, continent, and clinical setting (i.e. university or another setting). Additionally, data were extracted on publication year, number of authors, involvement of a statistician/epidemiologist, inclusion of multiple centres, funding, publication journal, and on whether the systematic review was registered in PROSPERO.
All study procedures were conducted by two authors (SS, SNP) with any disagreements resolved by a third author (TE). The two scoring authors (SS, SNP) were calibrated prior to the actual procedures in three sets of 50 papers at a time, until over 90% agreement was seen. Finally, a random set of 50 papers was checked afterwards for consistency from both authors.
For the statistical analysis, initially descriptive statistics were calculated as absolute and relative frequencies for binary outcomes. Crude differences in registration rates according to review characteristics were investigated with chi-square/Fisher exact tests, as appropriate. Furthermore, generalised linear models for the binary family were used to evaluate the association between registration in PROSPERO and specific systematic review characteristics. Results were expressed as relative risks (RR) and the corresponding 95% confidence intervals (CI). First, bivariable models were constructed for each characteristic. Afterwards, all characteristics with P < 0.2 in the bivariable model (Maldonado and Greenland 1993) , we entered in a multivariable model to identify predictors after adjusting for confounding. All analyses were performed in Stata version 14 (StataCorp LP, College Station, TX, USA) with a two-tailed P < 0.05 considered as significant.
Results
The electronic search yielded initially a total of 2141 citations, from which 1176 citations remained for screening after de-duplication ( Figure 1 ; Appendix 2). After applying the eligibility criteria, a total of 182 systematic reviews were finally included, which were published between 2012 and 2016 ( Table 1) .
The included systematic reviews originated from at least four different continents (Table 1) and 34 different countries (Appendix 3), with the most prolific countries being Brazil (n = 27; 14.8%), China (n = 24; 13.2%), Italy (n = 18; 9.9%), and UK (n = 12; 6.6%). The most prolific continent was Europe (n = 79; 43.4%) and Asia (n = 50; 27.5%). From these 182 systematic reviews, the majority had a university affiliation (n = 170; 93.4%), included four to six authors (n = 103; 56.6%), and included more than one research centres (n = 101; 55.5%). On the other hand, only few systematic reviews included a statistician/epidemiologist (n = 26; 14.3%) or received funding (n = 41; 22.5%). The included systematic reviews were mostly published in orthodontic specialty journals (n = 94; 51.7%), followed by general dentistry journals (n = 58; 31.9%), and non-dental journals (n = 30; 16.5%). Finally, the identified systematic reviews included between 0 and 377 primary studies (median of 12 studies; interquartile range of 7-24 studies).
Out of the 182 identified systematic reviews, only 37 systematic reviews (20.3%) were registered in PROSPERO overall (Table 1 ). In the 5 years covered in this investigation, there was an increase both in the number of systematic reviews published each year and in the percentage of published systematic reviews registered in PROSPERO, with the latter ranging from 4.3% in 2012 to 37.0% in 2016 (P < 0.05; Figure 2 ). Significant differences in systematic review registration were found according to the country of origin, with the countries mostly contributing with registered systematic reviews being the UK (58%), followed by Brazil or Italy (both 33.3%), and the Netherlands (30.0%) (P = 0.001). On a continent level, systematic reviews originating from South America were more compliant with a priori registration (31.0%), followed by Europe (26.6%), Asia (12.0%), North America (5.3%), and other continents (0%) (P < 0.05).
The result of the bivariable and muiltivariable investigation for predictors of systematic review registration can be seen in Table 2 . The bivariable analysis indicated publication year, geographic origin, multicentre status, funding, citation of the PRISMA guidelines in any part of the review's methods, and journal type as possible predictors of systematic review registration. Based on the results of the multivariable analysis, a 51% increase per year in the percentage of registered systematic reviews was seen (RR = 1.51; 95% CI = 1.19-1.93). Additionally, systematic reviews from South America were 49% more likely to be registered in PROSPERO than systematic reviews from Europe (RR = 1.49; 95% CI = 1.06-2.11). Finally, systematic reviews published in orthodontic specialty journals were 87% more likely to be registered in PROSPERO than systematic reviews published in general dentistry journals (RR = 1.87; 95% CI = 1.00-3.49).
Discussion
The present study assesses the proportion of protocol registrations in PROSPERO among systematic reviews published in orthodontic literature from 2012. The results suggest that although the proportion of systematic review registered in PROSPERO has increased in the last years from 4.3% in 2012 to 37.0% in 2016, most systematic reviews in orthodontics are still not being registered a priori. Factors associated with registration in Figure 1 . Flow diagram for the identification/selection of eligible studies.
PROSPERO were the year of publication, the systematic review's geographical origin, and the publication journal. To our knowledge, this is the first study to investigate how many systematic reviews in orthodontics have been registered a priori in PROSPERO.
The only direct comparison that can be made is with the study of Tsugimoto et al. (2017) that assessed the registration status of 284 systematic reviews published in high-impact medical journals. As can be seen in Appendix 4 for the years with overlap between the two studies (2012) (2013) (2014) (2015) , systematic review registration in PROSPERO was consistently lower in orthodontics than general medicine both in 2012 (4.3% versus 20.3%, respectively) and in 2015 (15.3% versus 27.3%). *For a full list of countries of origin, see Appendix 3. † P value from chi-square test (or from Fisher exact if >20% of cells have expected frequency less than 5 or if at least one cell is null). $ Percentage of systematic reviews in each factor category. £ Percentage of registered/non-registered systematic reviews within each factor category.
Differences between the two studies can be explained by differences in knowledge of epidemiology, statistics, and evidence-based study design between the fields of orthodontics and general medicine (Polychronopoulou et al. 2011) . Alternatively, these differences could be explained by the fact that the study of Tsugimoto et al.
(2017) was limited to high-impact medical journals, which might maintain stricter peer review procedures and might be of higher methodological quality (Fleming et al., 2014) . In any case, registration of systematic reviews in orthodontics was generally limited, which can have serious implications in the transparency of evidence synthesis procedures. A definite improvement in the registration of systematic reviews in orthodontic was seen through the period of 2012-2016, with an increase from 4.3 to 37.0%, respectively. Comparing the overlapping time period of 2012-2015 between the present study and the study of Tsugimoto et al. (2017) , the increase in registered systematic reviews through time was +11.5% and +7.0% for orthodontics and medicine, respectively, indicating a quicker improvement pace of the former. This agrees with previous studies that documented this rapid increase in systematic review production and quality (Papageorgiou et al. 2011 (Papageorgiou et al. , 2014 Kanavakis et al. 2016 ). This might be due to the quick dissemination of guidelines to improve the quality and transparency of reporting oral health research (Sarkis-Onofre et al. 2015) and the implementation of stricter peer review procedures for systematic reviews from journals.
Additionally, this increase in the production of systematic reviews in orthodontics was influenced quantitatively and quantitative by the geographic differences. At country level, great variation in registration rates was seen, with the UK having the highest registration rate that was almost twice that of the country with the next highest registration rate (58.3-33.3%). A possible explanation for this might be that some funding agencies supporting systematic reviews might mandate that the review protocols are registered a priori in PROSPERO. Registration is for example required for reviews funded by the United Kingdom's National Institute for Health Research or suggested for reviews funded by the Canadian Institutes of Health Research . As can be seen by the cross-tabulation of publication year with continent of origin in Appendix 5, a clear increase in the number of produced systematic reviews per year was seen mainly for Europe, South America, and Asia. However, when looking at the % of systematic reviews registered in PROSPERO, Europe and South America showed a steady increase through time. Interestingly, systematic reviews originating from South America had 49% higher probability of being registered in PROS-PERO compared to reviews originating from Europe (Table 2 ). This could be explained by higher methodological quality of reviews originating from South America, as has been previously reported (Fleming et al. 2013) . Interestingly, the likelihood of registration in PROS-PERO was significantly higher for systematic reviews published in orthodontic specialty journals than for those published in general dentistry journals (Table 2) . This might be due to the fact that unregistered systematic reviews might not get that easily accepted for publication in the more relevant to the subject orthodontic specialty journals and end up being subsequently submitted in other non-orthodontic journals.
A priori registration of systematic reviews is crucial to their transparency, since it minimises the risk of outcome reporting bias and of the results' manipulation, by enabling comparisons between outcomes pre-defined at protocol and those included in the published paper (Mathieu et al. 2009 ). Furthermore, a priori registration helps avoid considerable waste of research resources (Ioannidis et al. 2014 (Ioannidis et al. , 2016 due to overlap between multiple systematic reviews being produced on the same subject. This is something that might happen more often than one might expect, as the authors have found out personally on three separate occasions. However, it is important to note, that the task of checking for already ongoing reviews with subject overlap lies with the review authors that aim to submit a protocol to PROSPERO and the PROSPERO staff does not actually check for overlaps among reviews. We believe that the task of pilot checking the existing literature on the subject prior to working on the review protocol (including the search for any ongoing reviews with overlap) lies within the tasks of all prospective authors of systematic reviews that respect the research resources they manage. Finally, the preparation and submission of a systematic review protocol might indirectly affect the methodological robustness of the systematic review, since authors need to plan and delineate in their submitted protocol every step of the review procedure from formulation of the research question, through description of the experimental and control groups, measured settings/outcomes, literature search, study selection, data extraction, risk of bias assessment, and ending with data synthesis. However, it is important to note that although PROSPERO checks all submitted protocols for relative relevance, these checks do not constitute peer review or imply approval of your systematic review methods. Therefore, this does not mean that the submitted systematic review protocols submitted in PROS-PERO (or the actual review methods) are peer reviewed at this stage, and methodological issues might still exist.
As far as we know, this study is the first of its kind in the field of orthodontics and provides useful insight to the registration status of orthodontic systematic reviews published in the last 5 years. However, certain limitations are also present. First, as stated above, registration of a systematic review protocol is a prerequisite according to current guidelines (Liberati et al. 2009; Higgins and Green 2011) , but might not necessarily mean that the review is free of methodological issues or has low risk of bias. This would need an additional assessment of either methodological quality with the AMSTAR tool (Shea et al. 2009) or of the review's risk of bias with the ROBIS tool (Whiting et al. 2016) . Additionally, the results of this study are not applicable to Cochrane reviews, which were excluded from this study, as their protocols are consistently registered beforehand. Also, the present study assessed only the registration of systematic review protocols in the PROSPERO database, since it has been the most comprehensive attempt to register review protocols, has been widely disseminated, and provides easy and open access to all review protocols. This means that reviews with protocols registered in any other repositories were not assessed in the present study. Finally, we extracted the registration status of each systematic review on pertinent statements from within the systematic review published papers and therefore, if a registered systematic review did not report its registration in the published paper, this was categorised as non-registered.
Conclusions
A priori registration in PROSPERO of non-Cochrane systematic review protocols in orthodontics was found to be deficient. The proportion of registered systematic reviews increased during the last 5 years and systematic reviews published in orthodontic specialty journals were more likely to be registered than reviews published in general dentistry journals. However, the majority of systematic reviews in orthodontics remain unregistered, which has serious implications for the transparency of the conduct of reviews, the potential reliability of their conclusions, and subsequent clinical recommendations.
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